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（Environmental biodegradation control of aliphatic polyesters.） 
 
             






































カノエート）（BBT）にまで低分子量化された。ポリマーである PDDT と PBDT，その還





















Plastic use around the world increases year after year, while the plastic waste caused 
environmental problems. Biodegradable polymers have attracted attention as a 
solution for such problems. Although aliphatic polyesters are known as biodegradable 
polymers, they have one drawback that the degradability depends on exposure 
conditions. Another is that biodegradation timing of them could not be controlled well. 
In this PhD thesis, I synthesized poly (butylene n-alkylenedicarboxylate) (PBAD) and 
evaluated its environmental degradability as a basic research on the control of 
biodegradation timing of aliphatic polyesters. In addition, a biodegradation control 
method that initiates degradation in response to the reductive environment was 
developed. 
 In chapter 2, the environmental degradability of PBAD from 1,4-butanediol (BD) and 
dicarboxylic acid (DCA), distribution of degrading microorganisms and identification of 
degrading microorganisms were evaluated. PBAD used in this study were synthesized 
from BD and nine kinds of DCA having different methylene unit number. From the 
biochemical oxygen demand (BOD) biodegradability measurements of PBAD, PBAd 
with the methylene number (n) 4 of the DCA unit had the maximum degradation rate. 
This result suggests that there is a correlation between the microbial degradation rate 
of PBAD and its structure. On the other hand, the environmental degradation rate of 
DCAs were similar to one another. It is concluded that the rate-determining factor of 
biodegradation of aliphatic polyesters is not an uptake rate in microbes but hydrolytic 
process of polyesters to water-soluble compounds. PBDA-degrading microorganisms of 
poly(butylene dodecanedioate) (PBDd) with the lowest BOD biodegradation and 
poly(butylene succinate) (PBSu) with long induction period until the start of 
decomposition were detected at 5 and 6 out of 19 sites. This suggests that the 
distribution of microorganisms having enzymes capable of hydrolyzing PBSu and 
PBDd in the environment are limited. PBADs other than PBSu and PBDd showed 
relatively high BOD biodegradabilities, and degrading microbes for them distributed 
more widely. Taken together, there would be relationships between the 
biodegradabilities and the structures in PBADs. The former (PBSu and PBDd) was 
named "environment-dependent biodegradable polyesters" and the latter (other 
PBADs) was named "environment-independent biodegradable polyesters". 
 In chapter 3, the reductive cleavage of disulfide bonds was adopted as a trigger to 
control the biodegradability of polymers. Polydecanedithiol (PDDT) having disulfide 
bonds in the main chain was synthesized by oxidative coupling of decanedithiol (DT). 
Poly(butylene dithio dialkanoate) (PBDT) having disulfide bonds and ester bonds in 
the polymer main chain was synthesized from 1,4-butanediol (BD) and dithiodialkanoic 
acid (DTDA). Reductive cleavabilities of PDDT and PBDT were evaluated. PDDT did 
not reductively cleaved under reductive condition. By contrast, PBDT could be 
degraded to 1,4-butylene bis (thioalkanoate) (BBT) by reductive cleavage of disulfide 
bonds in a reductive environment. Environmental degradability of PDDT and PBDT as 
polymers, DT and BT as reduced compounds, and hydrolyzed of PBDT were 
investigated. PDDT and its reduced degradation product DT showed no 
biodegradability. BBT was metabolized by environmental microorganisms under 
oxidative conditions. On the other hand, PBDT never exhibited biodegradability. Thus 
environmental degradable process of PBDT is as follows, 1) PBDT has durability under 
oxidative environment. 2) PBDT is cleaved under reductive environments after use. 
Cleaved compounds are further mineralized by microorganisms under oxidative 
conditions. In this chapter, the biodegradation control by the reduction environment 
response using disulfide bonds was demonstrated. This result proposes a new 
biodegradation control method for biodegradable materials. 
 In chapter 4, chapters 2 and 3 of this PhD thesis were summarized and future 
research topic was proposed. As the methylene chain between ester bonds becomes 
longer, PAAD’s chemical structure and properties are more similar to those of 
polyethylene. If long-chain PAAD had environment degradability, it could be used as a 
promised biodegradable polymer. However, as described in chapter 2, the 
biodegradability of PAAD decreases as methylene chain number becomes longer. So, 
disulfide bonds are introduced into PBDd, which is a "potential biodegradable polymer" 
whose monomer decomposability is guaranteed, as a trigger for degradation control in 
a reducing environment. Further, by introducing a disulfide bond into a long-chain 
PAAD having a methylene chain length longer than 10, it is possible to realize a 
biodegradable environment-compatible polyethylene. 
 
 
 
